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ArCH2Li(TMEDA). A solution of 15 mL of mesitylene (0.11 mol) and 17 mL of TMEDA (0.11 mol) in 
150 mL of hexane was cooled to -20 °C, and 43 mL of BuLi (2.5 M in hexane, 0.11 mol) was added 
with stirring. The mixture was gradually allowed to warm to room temperature and stirred overnight, 
resulting in a yellow suspension. After filtration, the residue was washed with hexane (2 × 50 mL) and 
dried in vacuo to give the product as a yellow powder (15.1 g, 0.062 mol, 58%). 
1H NMR (300 MHz, 
C6D6, 25 ºC) δ 6.25 (s, 2H, Ar o-H), 5.77 (s, 1H, Ar p-H), 2.39 (s, 2H, CH2), 2.21 (s, 6H, ArMe), 1.84 
(s, 12H, TMEDA), 1.67 (s, 4H, TMEDA). 
[Ar-CH2CMe2-C5H4]Li(TMEDA). A suspension of 15.1 g of ArCH2Li(TMEDA) (62 mmol) in 200 mL 
of Et2O was cooled to -20 °C. With stirring, 6,6-dimethylfulvene (7.5 mL, 62 mmol) was added 
dropwise. Stirring overnight at room temperature resulted in an off-white suspension. The solvent was 
removed in vacuo, and the residue washed with hexane (2 × 50 mL), giving 10.9 g of an off-white 
powder (44 mmol, 70%). 
1H NMR (400 MHz, C6D6/THF-d8, 25 ºC) δ 6.71 (s, 1H, Ar p-H), 6.66 (s, 2H, 
Ar o-H), 5.99 (ps t, 2H, Cp), 5.91 (ps t, 2H, Cp), 2.97 (s, 2H, CH2), 2.17 (s, 6H, ArMe), 1.85 (s, 12H, 
TMEDA), 1.82 (s, 4H, TMEDA), 1.37 (s, 6H, CMe2). 
General procedure for the synthesis of Ar-Z-C5H3(SiMe3)2. To a cold (-10 ºC) suspension of [Ar-
Z-C5H4]Li in Et2O/THF (ca 1:1) was added an excess of Me3SiCl, which was subsequently stirred 
overnight at room temperature. After removal of volatiles, the product was extracted into Et2O and 
1.05 equiv of BuLi was added at 0 ºC. The mixture was stirred overnight at room temperature, and 
some THF was added to dissolve all precipitation. Cooling to 0 ºC and addition of excess Me3SiCl 
gave a turbid reaction mixture. After stirring overnight at room temperature, the solvent was pumped 
off and the yellow oily product separated from LiCl by dissolving it in CH2Cl2 and subsequent filtration. 
Attempted aqueous work-up as described for the synthesis of mono(trimethylsilyl)-substituted 
cyclopentadienes
1 resulted in hydrolysis of one of the SiMe3 groups, and therefore the solutions of 
crude product were used without further purification.  
[Ar-CH2CMe2-η
5-C5H4]TiCl3 (1c). A solution of [Ar-CH2CMe2-C5H4]Li(TMEDA) (1.34 g, 3.85 mmol) 
in 40 mL Et2O/THF (1:1) was stirred at 0 °C. To this was added 5 mL of SiMe3Cl (ca. 10 equiv) and 
the resulting mixture was allowed to warm to room temperature and stirred overnight. After addition of 
50 mL of water, the yellow product was extracted into light petroleum ether. Kugelrohr distillation 
afforded 0.845 g (2.83 mmol, 74%) of Ar-CH2CMe2-C5H4SiMe3 as a yellow oil, which was added to a 
stirred solution of TiCl4 (0.311 mL, 2.84 mmol) in 25 mL of CH2Cl2 at -60 °C. The mixture was slowly 
warmed to room temperature and stirred overnight, after which all volatiles were removed. To remove 
residual CH2Cl2, the brownish residue was stirred with 10 mL of pentane, which was subsequently 
pumped off. Extraction of the product into hexane and cooling the extract to -80 °C overnight gave 1c S-3 
as brown/orange powder (0.50 g, 1.32 mmol, 46% based on TiCl4)  
1H NMR (500 MHz, C6D6, 25 ºC) 
δ 6.70 (s, 1H, Ar p-H), 6.18 (s, 2H, Ar o-H), 6.12 (ps t, J = 2.6, 2H, Cp), 6.01 (ps t, J = 2.6, 2H, Cp), 
2.39 (s, 2H, CH2), 2.08 (s, 6H, Ar Me), 1.20 (s, 6H, CMe2). 
13C NMR (125.7 MHz, C6D6, 25 ºC) δ 
153.90 (Cp ipso-C), 137.06 (Ar m-C), 137.02 (Ar ipso-C), 128.78 (Ar o-CH), 128.41 (Ar p-CH), 123.18 
(Cp CH), 121.59 (Cp CH), 51.64 (CH2), 38.48 (CMe2), 26.78 (CMe2), 21.22 (Ar Me).  
[Ar-CH2-η
5-C5H3SiMe3]TiCl3 (1e). To a solution of Ar-CH2-C5H3(SiMe3)2 (Ar = 3,5-dimethylphenyl) 
in CH2Cl2 (prepared as described above, starting from 0.63 g (3.4 mmol) of [Ar-CH2-C5H4]Li) was 
added 0.37 mL of TiCl4 (3.4 mmol) at -40 ºC. The resulting dark greenish reaction mixture was stirred 
overnight at room temperature. Evaporation of the solvent gave a dark brown sticky powder. To 
remove residual solvent, this was stirred with pentane (10 mL), which was subsequently pumped off. 
Extraction into pentane (2 × 25 mL) gave a dark red solution. Crystallization at -80 ºC gave 400 mg of 
a yellow powder. Work-up of the mother liquor afforded another 163 mg of product (total 1.37 mmol, 
41%). 
1H NMR (300 MHz, C6D6, 25 ºC) δ 6.75 (m, 1H, Cp), 6.66 (s, 3H, Ar o-H + Ar p-H), 6.55 (m, 
1H, Cp), 6.35 (m, 1H, Cp), 3.93 (d, 
2J = 15.8, 1H, CH2), 3.85 (d, 
2J = 15.8, 1H, CH2), 2.07 (s, 6H, Ar 
Me), 0.10 (s, 9H, SiMe3). 
13C NMR (75.4 MHz, C6D6, 25 ºC) δ 147.09, 143.19, 138.42 and 138.27 (s, 
Ar and Cp ipso-C), 129.31, 128.95, 128.77, 128.30 and 126.98 (d, Ar and Cp CH), 37.78 (t, J = 129.9, 
CH2), 21.17 (q, J = 128.6, Ar Me), -0.87 (q, J = 120.2, SiMe3). Anal. Calcd for C17H23Cl3SiTi: C, 49.84; 
H, 5.66; Ti, 11.69. Found: C, 50.04; H, 5.72; Ti, 11.67. 
[Ph-CH2CMe2-η
5-C5H3SiMe3]TiCl3 (1g). A solution of Ph-CH2CMe2-C5H3(SiMe3)2 in CH2Cl2 was 
prepared, starting from 0.8 g of Ph-CH2CMe2-C5H4SiMe3
1 using the procedure outlined above. After 
cooling to -70 ºC, 1 equiv of TiCl4 (0.33 mL) was added and the mixture allowed to warm to room 
temperature. After stirring overnight, all volatiles were pumped off. Extraction into pentane (2 × 25 
mL) and crystallization at -80 ºC gave 0.71 g of orange-red needles. Further concentration of the 
mother liquor afforded another 0.14 g of 1g as an orange powder (total 1.99 mmol, 67%). 
1H NMR 
(500 MHz, C6D6, 25 ºC) δ 6.99 (m, 3H, Ph m-H + p-H), 6.64 (ps t, J = 2.1, 1H, Cp), 6.49 (ps t, J = 2.6, 
1H, Cp), 6.46 (d, J = 7.4, 2H, Ph o-H), 6.33 (ps t, J = 2.6, 1H, Cp), 2.47 (d, 
2J = 13.0, 1H, CH2), 2.35 
(d, 
2J = 13.0, 1H, CH2), 1.32 (s, 3H, CMe2), 1.23 (s, 3H, CMe2), 0.19 (s, 9H, SiMe3). 
13C NMR (125.7 
MHz, C6D6, 25 ºC) δ 157.47 (s, Cp ipso-C), 143.43 (s, Cp CSiMe3), 137.43 (s, Ar ipso-C), 130.69 (d, J 
= 156.6, Ph o-CH), 128.81 (d, J = 178.8, Cp CH), 128.0 (d, J = 158.9, Ph m-CH), 127.26 (d, J = 
175.5, Cp CH), 126.68 (d, J = 157.7, Ph p-CH), 124.42 (d, J = 175.6, Cp CH), 52.12 (t, J = 128.7, 
CH2), 38.87 (s, CMe2), 27.29 (q, J = 127.5, CMe2), 26.99 (q, J = 127.5, CMe2), -0.76 (q, J = 120.1, 
SiMe3). Anal. Calcd for C18H25Cl3SiTi: C, 51.02; H, 5.95; Ti, 11.30. Found: C, 51.90; H, 6.23; Ti, 
11.19.  
[Ar-CH2CMe2-η
5-C5H3SiMe3]TiCl3 (1h). The general procedure outlined above (starting from 0.97 g 
(2.78 mmol) [Ar-CH2CMe2-C5H4]Li(TMEDA)) was used to obtain Ar-CH2CMe2-C5H3(SiMe3)2, which 
was purified by Kugelrohr distillation to give 0.84 g of Ar-CH2CMe2-C5H3(SiMe3)2 as a yellow oil (2.27 S-4 
mmol, 82%). This was dissolved in CH2Cl2 (25 mL) and cooled to -30 °C. Addition of 0.25 mL of TiCl4 
(2.28 mmol) gave a dark brown reaction mixture, which was allowed to warm to room temperature 
and stirred for 3 days. After removal of all volatiles, the dark oily residue was extracted into 3 × 25 mL 
of pentane. Removal of the pentane in vacuo gave a dark reddish oil. Addition of a small amount of 
hexane to the oily product and standing overnight resulted in 0.35 g of microcrystalline 1h (0.76 
mmol, 34%). 
1H NMR (400 MHz, C6D6, 25 ºC) δ 6.85 (ps t, J = 2.1, 1H, Cp), 6.68 (s, 1H, Ar p-H), 6.48 
(ps t, J = 2.7, 1H, Cp), 6.26 (ps t, J = 2.6, 1H, Cp), 6.21 (s, 2H, Ar o-H), 2.53 (d, 
2J = 13.0, 1H, CH2), 
2.40 (d, 
2J = 13.0, 1H, CH2), 2.07 (s, 6H, Ar Me), 1.33 (s, 3H, CMe2), 1.31 (s, 3H, CMe2), 0.23 (s, 9H, 
SiMe3). 
13C NMR (125.7 MHz, C6D6, 25 ºC) δ 157.92 (s, Cp ipso-C), 143.63 (s, Cp CSiMe3), 137.24 
(s, Ar ipso-C), 137.07 (s, Ar m-C), 128.69 (d, overlapped, Ar o-CH), 128.55 (d, overlapped, Cp CH), 
128.37 (d, overlapped, Ar p-CH), 127.14 (d, J = 173.4, Cp CH), 124.77 (d, J = 176.1, Cp CH), 52.09 
(t, J = 128.8, CH2), 38.80 (s, CMe2), 28.13 (q, J = 127.4, CMe2), 26.39 (q, J = 127.4, CMe2), 21.31 (q, 
J = 126.1, Ar Me), -0.66 (q, J = 120.1, SiMe3). Anal. Calcd for C20H29Cl3SiTi: C, 53.17; H, 6.47. 
Found: C, 53.56; H, 6.45. 
[Ar-CH2CMe2-η
5-C5H4]TiMe3 (2c). To a solution of 1c (307 mg, 0.809 mmol) in 25 mL Et2O at -30 
°C was added 0.89 mL of MeMgCl (3.0 M solution in THF, 2.67 mmol). The mixture was stirred for 2 
hours while slowly warming to room temperature. All volatiles were removed in vacuo. To remove 
residual Et2O, the product was stirred with 10 mL of pentane, which was subsequently pumped off. 
Extraction with pentane (2 × 20 mL) and cooling the extracts to -80 °C gave 155 mg of light green 
powder. Further concentration of the mother liquor and cooling to -80 °C afforded another 53 mg of 
2c. Total yield: 203 mg (0.638 mmol, 79%). 
1H NMR (500 MHz, C6D6, 25 ºC) δ 6.77 (s, 1H, Ar p-H), 
6.52 (s, 2H, Ar o-H), 5.80 (m, 4H, Cp), 2.62 (s, 2H, CH2), 2.18 (s, 6H, Ar Me), 1.31 (s, 9H, Ti Me), 
1.04 (s, 6H, CMe2). 
13C NMR (125.7 MHz, C6D6, 25 ºC) δ 143.89 (Cp ipso-C), 138.32 (Ar ipso-C), 
136.80 (Ar m-C), 129.07 (Ar o-CH), 128.09 (Ar p-CH), 113.72 (Cp CH), 109.40 (Cp CH), 62.78 
(TiMe), 52.45 (CH2), 36.93 (CMe2), 27.24 (CMe2), 21.37 (Ar Me). Anal. Calcd for C20H30Ti: C, 75.46; 
H, 9.50. Found: C, 75.2; H, 9.68. 
[Ph-CMe2-η
5-C5H3SiMe3]TiMe3 (2d). A solution of 136 mg 1d (0.334 mmol) in 10 mL of Et2O was 
cooled to 0 ºC and 3 equiv MeMgCl (0.34 mL of a 3 M solution in THF) were added dropwise with 
stirring. The mixture was stirred for 3 hours at 0 ºC, after which all volatiles were removed in vacuo. 
To remove residual Et2O, the residue was stirred with 10 mL of hexane, which was subsequently 
pumped off. Extraction into hexane (2 × 20 mL) gave a greenish solution, from which a 2d was 
obtained as a greenish oil after evaporation of the solvent. Yield not determined. 
1H NMR (300 MHz, 
C6D6, 25 ºC) δ 6.93 (s, 2H, Ar o-H), 6.69 (s, 1H, Ar p-H), 6.24 (m, 1H, Cp), 6.19 (m, 1H, Cp), 6.12 (m, 
1H, Cp), 2.16 (s, 6H, Ar Me), 1.51 (s, 3H, CMe2), 1.48 (s, 3H, CMe2), 1.40 (s, 9H, Ti Me), 0.11 (s, 9H, 
SiMe3). 
13C NMR (75.4 MHz, C6D6, 25 ºC) δ 150.48 (s, Ar ipso-C), 149.57 (s, Cp ipso-C), 137.39 (s, 
Ar m-C), 128.68 (s, Cp  CSiMe3), 127.84 (d, J = 152.4, Ar p-CH), 124.44 (d, J = 154.3, Ar o-CH), S-5 
118.18 (d, J = 171.9, Cp CH), 114.38 (d, J = 169.7, Cp CH), 113.52 (d, J = 170.9, Cp CH), 63.29 (q, J 
= 120.4, Ti Me), 40.15 (s, CMe2), 30.03 (q, J = 127.4, CMe2), 29.90 (q, J = 127.4, CMe2), 21.62 (q, J = 
125.9, Ar Me), -0.34 (q, J = 119.4, SiMe3).  
[Ar-CH2-η
5-C5H3SiMe3]TiMe3 (2e). A solution of 1e (121 mg, 0.295 mmol) in 10 mL of Et2O was 
cooled to 0 ºC and 3 equiv of MeMgCl (0.30 mL of a 3.0 M solution in THF) was added. Stirring was 
continued for 2.5 hours at 0 ºC. Removal of volatiles and extraction into pentane (2 × 10 mL) gave a 
yellow solution. Evaporation of the solvent gave 93 mg of 2e as a yellow oil (0.241 mmol, 90 %). 
1H 
NMR (400 MHz, C6D6, 25 ºC) δ 6.82 (s, 2H, Ar o-H), 6.70 (s, 1H, Ar p-H), 6.12 (m, 1H, Cp), 6.07 (m, 
1H, Cp), 6.05 (m, 1H, Cp), 3.58 (d, 
2J = 15.4, 1H, CH2), 3.52 (d, 
2J = 15.4, 1H, CH2), 2.11 (s, 6H, Ar 
Me), 1.34 (s, 9H, Ti Me), 0.06 (s, 9H, SiMe3). 
13C NMR (75.4 MHz, C6D6, 25 ºC) δ 140.49 (s, Ar ipso-
C), 138.00 (s, Ar m-C), 136.57 (s, Cp ipso-C), 128.30 (d, J = 158.3, Ar p-CH), 127.88 (s, Cp  CSiMe3), 
127.00 (d, overlapped with solvent, Ar o-CH), 118.19 (d, J = 171.8, Cp CH), 116.80 (d, J = 169.4, Cp 
CH), 116.72 (d, J = 169.4, Cp CH), 62.41 (q, J= 120.1, Ti Me), 36.63 (t, J = 127.2, CH2), 21.30 (q, J = 
126.5, Ar Me), -0.41 (q, J = 119.4, SiMe3).  
[Ph-CH2CMe2-η
5-C5H3SiMe3]TiMe3 (2g). To a solution of 1g (279 mg, 0.658 mmol) in 10 mL Et2O, 
cooled to -20 ºC, was added 0.66 mL of MeMgCl (3.0 M solution in THF, 3 equiv) and the mixture was 
stirred at room temperature for 2 hours. All volatiles were removed in vacuo, and residual solvent was 
removed by stirring with 5 mL of pentane, which was subsequently pumped off. Extraction into 
pentane (2 × 20 mL) gave 2g as a yellow oil. Yield: 226 mg (0.623 mmol, 95%). 
1H NMR (400 MHz, 
C6D6, 25 ºC) δ 7.10 (m, 3H, Ph m-H + p-H), 6.78 (d, J = 7.4, 2H, Ph o-H), 6.07 (ps t, J = 2.6, 1H, Cp), 
6.00 (ps t, J = 2.2, 1H, Cp), 5.95 (ps t, J = 2.6, 1H, Cp), 2.64 (d, 
2J = 12.7, 1H, CH2), 2.59 (d, 
2J = 
12.7, 1H, CH2), 1.37 (s 9H, Ti Me), 1.08 (s, 3H, CMe2), 1.02 (s, 3H, CMe2), 0.14 (s, 9H, SiMe3). 
13C 
NMR (100.6 MHz, C6D6, 25 ºC) δ 148.11 (s, Cp ipso-C), 138.59 (s, Ar ipso-C), 130.97 (d, J = 156.0, 
Ar m-CH), 127.95 (s, CpCSiMe3), 127.82 (d, J = 156.4, Ar o-CH), 126.37 (d, J= 159.0, Ar p-CH), 
118.37 (d, J = 171.3, Cp CH), 114.07 (d, J = 169.7, Cp CH), 113.12 (d, J = 170.9, Cp CH), 63.15 (q, J 
= 120.5, Ti Me), 52.96 (t, J = 129.6, CH2), 37.34 (s, CMe2), 27.43 and 27.39 (q, J ≈ 127, CMe2), -0.32 
(q, J = 119.4, SiMe3). 
[Ar-CH2CMe2-η
5-C5H3SiMe3]TiMe3 (2h). A solution of 1h (120 mg, 0.266 mmol) in 10 mL Et2O was 
cooled in an ice-bath, and 3 equiv of MeMgCl (3.0 M solution in THF) were added. The resulting 
suspension was stirred at room temperature for 2 hours. Removal of volatiles, followed by extraction 
into pentane (2 × 15 mL) resulted in a light green solution. Evaporation to dryness resulted in green 
oily 2h in quantitative yield. 
1H NMR (400 MHz, C6D6, 25 ºC) δ 6.76 (s, 1H, Ar p-H), 6.51 (s, 2H, Ar o-
H), 6.18 (ps t, J = 2.2, 1H, Cp), 6.06 (ps t, J = 2.6, 1H, Cp), 5.92 (ps t, J = 2.6, 1H, Cp), 2.73 (d, 
2J = 
12.7, 1H, CH2), 2.59 (d, 
2J = 12.7, 1H, CH2), 2.18 (s, 6H, Ar Me), 1.38 (s, 9H, TiMe), 1.11 (s, 3H, 
CMe2), 1.10 (s, 3H, CMe2), 0.17 (s, 9H, SiMe3). 
13C NMR (125.7 MHz, C6D6, 25 ºC) δ 148.49 (s, Cp 
ipso-C), 138.40 (s, Ar ipso-C), 136.78 (s, Ar m-C), 128.98 (d, overlapped, Ar o-CH), 128.35 (s, S-6 
overlapped, CpCSiMe3) 128.10 (d, overlapped, Ar p-CH), 117.73 (d, J = 170.6, Cp CH), 113.77 (d, J 
≈ 172, Cp CH), 113.73 (d, J ≈ 172, Cp CH), 63.10 (q, J = 120.4, TiMe), 52.81 (t, J = 125.6, CH2), 
37.60 (s, CMe2), 28.30 (q, J = 128.3, CMe2), 26.79 (q, J = 127.8, CMe2), 21.45 (q, J = 124.8, Ar Me), -
0.22 (q, J = 119.5, SiMe3). 
{[η
6-Ph-CMe2-η
5-C5H4]TiMe2}[B(C6F5)4]·0.5(C6H5Br) (3a). A solution of 2a (24 mg, 87 µmol) in 0.5 
mL of C6H5Br was cooled to -30 °C. A cold solution of [Ph3C][B(C6F5)4] (77 mg, 83 µmol) in 
bromobenzene (~0.5 mL) was layered on top of this. Slow diffusion at -30 ºC resulted in precipitation 
of orange crystals, from which the supernatant was decanted. Washing with pentane and drying in 
vacuo gave 3a as orange crystals. Yield: 49 mg (48 µmol, 58%). NMR data as reported previously.
1 
Anal. Calcd for C40H21BF20Ti·0.5(C6H5Br): C, 50.70; H, 2.33; Ti, 4.70. Found: C, 50.82; H, 2.42; Ti, 
4.75. 
{[η
6-Ar-CMe2-η
5-C5H4]TiMe2}[B(C6F5)4] (3b). Analogous to the procedure for 3a described above 
(2b: 27.4 mg, 90 µmol; [Ph3C][B(C6F5)4]: 79 mg, 86 µmol) orange crystals of 3b were obtained. Yield: 
53 mg (55 µmol, 64%). 
1H and 
13C NMR resonances of the cationic part are the same as found for 
{[Ar-CMe2-C5H4]TiMe2}[MeB(C6F5)3].
2  
Rapid mixing of the solutions at -30 ºC resulted in small orange needles that contain a 
bromobenzene solvate molecule in the crystal lattice. Slow diffusion at -30 ºC resulted in a mixture of 
orange needle- and block-shaped crystals, of which the blocks did not contain a bromobenzene 
solvate molecule. Elemental analysis was performed on the (homogeneous) batch of needles. Anal. 
Calcd for C42H25BF20Ti·(C6H5Br): C, 51.23; H, 2.69; Ti, 4.26. Found: C, 51.14; H, 2.67; Ti, 4.34. 
{[η
6-Ar-CH2CMe2-η
5-C5H4]TiMe2}[B(C6F5)4] (3c). A procedure similar to the one described above 
for 3a was followed (2c: 49 mg, 154 µmol; [Ph3C][B(C6F5)4]: 135 mg, 146 µmol), resulting in a dark 
orange oil, which solidified in the course of a couple of days to give 3c as orange needles. Yield: 138 
mg (140 µmol, 96%). 
1H NMR (500 MHz, C6D5Br, -25 ºC) δ δ 7.15 (s, 1H, Ar p-H), 6.62 (s, 2H, Cp), 
6.04 (s, 2H, Ar o-H), 5.48 (s, 2H, Cp), 2.10 (s, 2H, CH2), 2.07 (s, 6H, Ar Me), 0.87 (s, 6H, CMe2),  
0.07 (s, 6H, Ti Me). 
13C NMR (125.7 MHz, C6D5Br, -25 ºC) δ 149.0 (s, Ar m-C), 143.1 (s, Ar ipso-C), 
140.8 (s, Cp ipso-C), 133.7 (d, J = 169, Ar p-CH), 126.5 (overlapped, Ar o-CH), 122.9 (d, overlapped, 
Cp CH), 113.1 (d, J = 174, Cp CH), 68.5 (q, J = 127, Ti Me), 48.1 (t, J = 131, CH2), 39.8 (s, CMe2), 
30.2 (CMe2), 22.0 (q, J = 129, Ar Me). Anal. Calcd for C43H27BF20Ti: C, 52.57; H, 2.77; Ti, 4.88. 
Found: C, 52.38; H, 2.86; Ti, 4.88. 
{[η
6-Ar-CMe2-η
5-C5H3SiMe3]TiMe2}[B(C6F5)4] (3f). A procedure similar to the one described above 
was followed (2f: 40 mg, 106 µmol; [Ph3C][B(C6F5)4]: 93 mg, 101 µmol), resulting in a dark orange-red 
solution. Diffusion of cyclohexane into this at room temperature precipitated 3f as orange crystals. 
Yield: 76 mg (73 µmol, 78%). 
1H NMR (500 MHz, C6D5Br, 0 ºC) δ 6.99 (s, 1H, Cp), 6.93 (s, 1H, Ar p-S-7 
H), 5.94 (s, 2H, Ar o-H), 5.60 (s, 1H, Cp), 5.41 (s, 1H, Cp), 2.10 (s, 3H, Ar Me), 2.07 (s, 3H, Ar Me), 
1.07 (s, 3H, CMe2), 1.04 (s, 3H, CMe2), 0.47 (s, 3H, Ti Me), 0.45 (s, 3H, Ti Me), 0.16 (s, 9H, SiMe3). 
13C NMR for the cationic part (125.7 MHz, C6D5Br, -25 ºC) δ 153.12 (s, Ar m-C), 151.76 (s, Ar m-C), 
137.17 (s, Cp CSiMe3), 134.22 (s, Ar ipso-C), 131.73 (d, overlapped with solvent, Ar p-CH), 130.31 
(d, overlapped with solvent, Cp CH), 123.57 (s, Cp ipso-C), 121.94 (d, J =  165.7, Ar o-CH), 120.98 
(d, J = 165.7, Ar o-CH), 117.80 (d, J = 172.4, Cp CH), 117.07 (d, J = 171.4, Cp CH), 72.00 (q, J = 
126.2, Ti Me), 71.55 (q, J = 126.3, Ti Me), 40.24 (s, CMe2), 22.32 (q, J = 129.6, Ar Me), 22.05 (q, J = 
129.9, Ar Me), 21.57 (q, J = 128.3, CMe2), 20.53 (q, J = 128.3, CMe2), -1.11 (q, J = 119.6, SiMe3). 
Anal. Calcd for C45H33BF20SiTi: C, 51.94; H, 3.20; Ti, 4.60. Found: C, 51.65; H, 3.28; Ti, 4.41. 
General procedure for NMR-tube scale synthesis of ionic compounds 3d, 3e, 3g, 3h. A 
solution of the appropriate neutral trimethyl complex (ca. 8 mg) in 0.4 mL of C6D5Br was prepared in 
the glovebox and cooled to -30 ºC. To this was added 1.05 equiv of [Ph3C][B(C6F5)4], resulting in 
immediate color change to dark red. The cold NMR tube was taken out of the glovebox immediately 
and frozen in liquid N2. Alternatively, for reactions in CD2Cl2, the solvent was vacuum-transferred at -
196 ºC into an NMR tube containing a mixture of the solid starting materials, which was then closed 
and allowed to thaw at -60 ºC. The cold solutions were inserted in the pre-cooled probe of the NMR 
spectrometer and analyzed by 1D and 2D experiments, which indicated full conversion to the ionic 
species with concomitant formation of Ph3CMe. 
{[η
6-Ph-CMe2-η
5-C5H3SiMe3]TiMe2}[B(C6F5)4] (3d). 
1H NMR (500 MHz, C6D5Br, -30 ºC) δ 7.58 (br, 
3H, Ph), 6.91 (s, 1H, Cp), 6.08 (s, 2H, Ph), 5.63 (s, 1H, Cp), 5.32 (s, 1H, Cp), 1.02 (s, 6H, CMe2), 
0.71 (br, 3H, TiMe), 0.66 (br, 3H, TiMe), 0.12 (s, 9H, SiMe3). 
13C NMR (125.7 MHz, C6D5Br, -30 ºC) δ 
138.1 (CpCSiMe3), 132.9 (Ar ipso-C), 131.2 (Cp CH), 128.4 (Ph CH), 124.6 (Cp ipso-C + Ph o-CH), 
118.3 (Cp CH), 117.5 (Cp CH), 69.9 (TiMe), 40.6 (CMe2), 21.5 (CMe2), 20.4 (CMe2), -1.2 (SiMe3).  
{[η
6-Ar-CH2-η
5-C5H3SiMe3]TiMe2}[B(C6F5)4] (3e). 
1H NMR (500 MHz, C6D5Br, -25 ºC) δ 6.88 (s, 
1H, Cp), 6.78 (s, Ar p-H), 5.58 (s, 1H, Ar o-H), 5.52 (s, 1H, Ar o-H), 5.33 (s, 1H, Cp), 5.32 (s, 1H, Cp), 
2.82 (d, 
2J = 12.4, 1H, CH2), 2.71, (d, 
2J = 12.4, 1H, CH2), 2.00 (s, 6H, Ar Me), 0.43 (s, 3H, Ti Me), 
0.39 (s, 3H, Ti Me), 0.13 (s, 9H, SiMe3). 
13C NMR (125.7 MHz, C6D5Br, -25 ºC) δ 152.69 (s, Ar m-C), 
151.47 (s, Ar m-C), 136.97 (s, CpCSiMe3), 131.30 (overlapped, Ar p-CH), 130.21 (overlapped, Cp 
CH), 126.8 (overlapped, Ar ipso-C), 124.89 (d, overlapped, Ar o-CH), 124.00 (d, overlapped, Ar o-
CH), 119.53 (d, J = 173.5, Cp CH), 119.21 (d, J = 173.5, Cp CH), 113.50 (s, Cp ipso-C), 72.25 (q, J = 
126.0, Ti Me), 72.11 (q, J = 126.2, Ti Me), 34.19 (t, J = 140.1, CH2), 22.07 (q, J = 129.5, Ar Me), 
21.80 (q, J = 129.5, Ar Me), -1.18 (q, J = 120.0, SiMe3).  
{[η
6-Ph-CH2CMe2-η
5-C5H3SiMe3]TiMe2}[B(C6F5)4] (3g). 
1H NMR (500 MHz, C6D5Br, -30 ºC) δ 7.77 
(t, J = 7.0, 1H, Ph p-H), 7.61 (t, J = 7.1, 1H, Ph m-H), 7.45 (t, J = 7.1, 1H, Ph m-H), 6.86 (s, 1H, Cp), 
6.52 (d, J = 7.2, 1H, Ph o-H), 6.36 (d, J = 7.2, 1H, Ph o-H), 6.07 (s, 1H, Cp), 5.72 (s, 1H, Cp), 2.22 (d, S-8 
2J = 14.1, 1H, CH2), 2.18, (d, 
2J = 14.1, 1H, CH2), 0.92 (s, 3H, CMe2),  0.87 (s, 3H, CMe2), 0.40 (s, 
3H, Ti Me), 0.39 (s, 3H, Ti Me), 0.12 (s, 9H, SiMe3). 
13C NMR (125.7 MHz, C6D5Br, -30 ºC) δ 145.39 
(s, Cp ipso-C), 141.91 (s, Ph ipso-C), 139.08 (d, J = 174.5, Ph m-CH), 136.29 (s, CpCSiMe3), 135.85 
(d,  J = 173.9, Ph m-CH), 131.62 (overlapped, Ph p-CH), 129.48 (overlapped, Cp CH), 129.12 
(overlapped, Ph o-CH), 128.03 (overlapped, Ph o-CH), 119.84 (d, J = 172.3, Cp CH), 118.25 (d, J = 
172.5, Cp CH), 65.81 (q, J = 127.5, Ti Me), 65.51 (q, J = 127.5, Ti Me), 47.46 (t, J= 132.5, CH2), 
41.00 (s, CMe2), 32.08 (q, J = 126.5, CMe2), 28.58 (q, J= 126.6, CMe2), -0.38 (q, J = 119.8, SiMe3). 
{[η
6-Ar-CH2CMe2-η
5-C5H3SiMe3]TiMe2}[B(C6F5)4] (3h). 
1H NMR (500 MHz, C6D5Br, 0 ºC) δ 7.03 (s, 
1H, Ar p-H), 6.86 (s, 1H, Cp), 6.19 (s, 1H, Ar o-H), 6.09 (s, 1H, Ar o-H), 6.00 (s, 1H, Cp), 5.83 (s, 1H, 
Cp), 2.17 (d, 
2J = 14.0, 1H, CH2), 2.12, (d, 
2J = 14.0, 1H, CH2), 2.11 (s, 3H, Ar Me), 2.08 (s, 3H, Ar 
Me), 0.92 (s, 3H, CMe2),  0.85 (s, 3H, CMe2), 0.20 (s, 6H, Ti Me), 0.16 (s, 9H, SiMe3). 
13C NMR for 
the cationic part (125.7 MHz, C6D5Br, -25 ºC) δ 149.42 (Ar m-C), 148.55 (Ar m-C), 145.29 (Cp ipso-
C), 142.83 (s, Ar ipso-C), 135.42 (s, Cp CSiMe3), 134.21 (Ar p-CH), 128.47 (Cp CH), 126.9 
(overlapped, Ar o-CH), 126.2 (overlapped, Ar o-CH), 118.67 (Cp CH), 117.86 (Cp CH), 68.41 (Ti Me), 
68.19 (Ti Me), 47.82 (CH2), 40.19 (CMe2), 31.42 (CMe2), 29.03 (CMe2), 22.17 (Ar Me), 21.94 (Ar Me), 
-0.30 (SiMe3). 
{[η
6-Ar-CMe2-η
5-C5H4]Ti(CO)2}[B(C6F5)4] (4b). A powdered sample of solid 3b (103 mg, 106 µmol) 
was exposed to 1 bar of CO. After standing at room temperature for 3 days, the orange colour of the 
starting material had darkened to red-brown. The excess CO was pumped off and the residue 
washed with 5 mL of cold (-30 ºC) bromobenzene. Subsequent washing with pentane and drying in 
vacuo gave 87 mg of 4b as a red powder (87.5 µmol, 82%). Crystals suitable for X-ray analysis were 
obtained by diffusion of cyclohexane into a bromobenzene solution of 4b. 
1H NMR (500 MHz, C6D5Br, 
25 ºC) δ 5.00 (s, 1H, Ar p-H), 4.95 (s, 2H, Cp), 4.38 (s, 2H, Ar o-H), 3.91 (s, 2H, Cp), 1.69 (s, 6H, Ar 
Me), 0.69 (s, 6H, CMe2). 
13C NMR for the cationic part (125.7 MHz, C6D5Br, 25 ºC) δ 227.3 (s, CO), 
136.4 (s, Ar m-C), 104.8 (d, J = 180, Cp CH), 102.6 (d, J = 173, Ar o-CH), 100.3 (d, J = 175, Ar p-
CH), 91.3 (s, Cp ipso-C), 86.8 (s, Ar ipso-C), 83.4 (d, J = 181, Cp CH), 38.7 (s, CMe2), 21.3 (q, J = 
129, Ar Me), 19.5 (q, J = 127, CMe2). IR (ν, cm
-1), film from C6D5Br on KBr plates: 2055, 2022 (CO); 
nujol mull: 2052, 2023 (CO). Anal. Calcd for C42H19BF20O2Ti: C, 50.74; H, 1.93. Found: C, 50.58 ; H, 
2.00. 
Identification of acetone as a product from the reaction of 3b with CO. An NMR tube 
containing solid 3b was degassed on a high-vacuum line and backfilled with 1 bar of CO. After 
standing at room temperature for 4 days, the colour of the solid had turned reddish. The tube was 
frozen in liquid N2, the valve opened under N2 flow, and 0.5 mL of wet C6D5Br was added with a 
pipette. The tube was closed and allowed to warm to room temperature. The 
1H NMR spectrum 
showed signals for 4b, a broad signal attributed to H2O, and acetone (δ 1.81 ppm). The peaks for 4b 
slowly disappeared in the course of several hours. In a control experiment, a dried (empty) tube was S-9 
frozen in liquid N2, and under N2 flow 0.5 mL of wet C6D5Br was added. 
1H NMR spectroscopy 
showed only residual solvent peaks and some H2O, showing that the acetone observed is not due to 
adventitious traces, but stems from the reaction. 
General procedure for NMR tube scale carbonylation of 3a-f and 3h. A C6D5Br solution of the 
appropriate titanium dimethyl cation (3a-f or 3h), either isolated or prepared in situ from 2a-f or 2h 
and [Ph3C][B(C6F5)4], was degassed on a high-vacuum line by three freeze-pump-thaw cycles. The 
tube was backfilled with 1 bar of CO and the reaction was monitored by 
1H NMR. When all starting 
material was consumed (< 30 min for compounds with C1 bridge, several hours for C2-bridged 
compounds), the excess CO was pumped off. Samples for IR spectroscopy were prepared in the 
glovebox. A drop of the solution was taken from the NMR tube and placed on top of a KBr plate. The 
solvent was pumped off, leaving a red film on the plate, which was placed immediately in the FTIR 
spectrometer in the glovebox and the IR spectrum was recorded.  
{[η
6-Ph-CMe2-η
5-C5H4]Ti(CO)2}[B(C6F5)4] (4a). 
1H NMR (500 MHz, C6D5Br, 25 ºC) δ 5.91 (t, J = 
7.3, 2H, Ph m-H), 5.27 (t, J = 7.1, 1H, Ph p-H), 5.01 (ps t, 2H, Cp), 4.28 (d, J = 7.6, Ph o-H), 3.89 (ps 
t, 2H, Cp), 0.62 (s, 6H, CMe2). 
13C NMR for the cationic part (125.7 MHz, C6D5Br, 25 ºC) δ  226.6 
(CO), 121.5 (Ph m-CH), 105.2 (Cp CH), 105.1 (Ph o-CH), 94.5 (Ph p-CH), 90.6 (Ph ipso-C), 87.8 (Cp 
ipso-C), 83.0 (Cp CH), 38.8 (CMe2), 19.1 (CMe2). IR (ν, cm
-1), film from C6D5Br on KBr plates: 2064, 
2032 (CO). 
{[η
6-Ar-CH2CMe2-η
5-C5H4]Ti(CO)2}[B(C6F5)4] (4c). 
1H NMR (500 MHz, C6D5Br, 25 ºC) δ 5.37 (s, 
2H, Ar o-H), 5.15 (s, 2H, Cp), 4.78 (s, 2H, Cp), 4.62 (s, 1H, Ar p-H), 2.15 (s, 2H, CH2), 1.72 (s, 6H, 
ArMe), 0.87 (s, 6H, CMe2). 
13C NMR for the cationic part (125.7 MHz, C6D5Br, 25 ºC) δ 237.0 (CO), 
137.0 (Cp ipso-C), 129.0 (Ar m-C), 128.4 (Ar ipso-C), 110.3 (Ar o-CH), 105.0 (Ar p-CH), 97.1 (Cp 
CH), 93.3 (Cp CH), 50.8 (CH2), 39.4 (CMe2), 30.0 (CMe2), 21.0 (ArMe). IR (ν, cm
-1), film from C6D5Br 
on KBr plates: 2039, 1997 (CO). 
{[η
6-Ph-CMe2-η
5-C5H3SiMe3]Ti(CO)2}[B(C6F5)4] (4d). 
1H NMR (500 MHz, C6D5Br, 25 ºC) δ 5.95 (t, 
J = 7.3, 1H, Ph m-H), 5.93 (t, J = 7.3, 1H, Ph m-H), 5.33 (t, J = 6.9, 1H, Ph p-H), 5.29 (s, 1H, Cp), 
4.40 (overlapped d, 2H, Ph o-H), 4.33 (s, 1H, Cp), 4.18 (s, 1H, Cp), 0.72 (s, 3H, CMe2), 0.64 (s, 3H, 
CMe2), 0.10 (s, 9H, SiMe3). 
13C NMR for the cationic part (approx. values taken from a HSQC 
spectrum; only CH resonances, C6D6, 25 ºC) δ 123 (Ph m-CH), 120 (Ph m-CH), 113 (Cp CH), 106 
(Ph o-CH), 104 (Ph o-CH), 95 (Ph p-CH), 89 (Cp CH), 88 (Cp CH), 20 (CMe2), 19 (CMe2), -1 (SiMe3). 
13C NMR IR (ν, cm
-1), film from C6D5Br on KBr plates: 2056, 2022 (CO). 
{[η
6-Ar-CH2-η
5-C5H3SiMe3]Ti(CO)2}[B(C6F5)4] (4e). 
1H NMR (500 MHz, C6D5Br, 25 ºC) δ 5.15 (s, 
1H, Cp), 4.93 (s, 1H, Ar p-H), 4.27 (s, 1H, Cp), 4.15 (s, 1H, Ar o-H), 4.14 (s, 1H, Cp), 4.06 (s, 1H, Ar 
o-H), 2.50 (d, J = 12.7, 1H, CH2), 2.32 (d, J = 12.7, 1H, CH2), 1.66 (s, 3H, ArMe), 1.65 (s, 3H, ArMe), S-10 
0.07 (s, 9H, SiMe3). 
13C NMR for the cationic part (125.7 MHz, C6D5Br, 25 ºC) δ 232.0 (CO), 227.8 
(CO), 137.5 (Ar m-C), 135.8 (Ar m-C), 118.7 (Cp CSiMe3), 111.7 (Cp CH), 106.0 (Ar o-CH), 105.3 (Ar 
o-CH), 100.8 (Ar p-CH), 90.9 (Cp CH), 90.3 (Cp CH), 83.4 (Cp ipso-C), 78.3 (Ar ipso-C), 32.8 (CH2), 
21.2 (Ar Me), 21.0 (Ar Me), -1.4 (SiMe3). IR (ν, cm
-1), film from C6D5Br on KBr plates: 2047, 2010 
(CO). 
{[η
6-Ar-CMe2-η
5-C5H3SiMe3]Ti(CO)2}[B(C6F5)4] (4f). 
1H NMR (500 MHz, C6D5Br, 25 ºC) δ 5.30 (s, 
1H, Cp), 5.13 (s, 1H, Ar p-H), 4.49 (s, 1H, Ar o-H), 4.46 (s, 1H, Ar o-H), 4.41 (s, 1H, Cp), 4.35 (s, 1H, 
Cp), 1.81 (s, 3H, ArMe), 1.80 (s, 3H, ArMe), 0.86 (s, 3H, CMe2), 0.79 (s, 3H, CMe2), 0.17 (s, 9H, 
SiMe3). 
13C NMR for the cationic part (125.7 MHz, C6D5Br, 25 ºC) δ 231.2 (CO), 227.1 (CO), 137.2 
(Ar m-C), 135.3 (Ar m-C), 117.9 (Cp CSiMe3), 111.6 (Cp CH), 102.8 (Ar o-CH), 101.9 (Ar o-CH), 
100.8 (Ar p-CH), 91.8 (Cp ipso-C), 90.2 (Ar ipso-C), 88.9 (Cp CH), 88.0 (Cp CH), 38.7 (CMe2), 21.4 
(Ar Me), 21.2 (Ar Me), 19.9 (CMe2), 19.3 (CMe2), -1.35 (SiMe3). IR (ν, cm
-1), film from C6D5Br on KBr 
plates: 2048, 2012 (CO). 
{[η
6-Ar-CH2CMe2-η
5-C5H3SiMe3]Ti(CO)2}[B(C6F5)4] (4h).
 1H NMR (500 MHz, C6D5Br, 25 ºC) δ 5.65 
(s, 1H, Ar), 5.65 (s, 1H, Cp), 5.36 (s, 1H, Cp), 5.35 (s, 1H, Cp), 5.35 (s, 1H, Ar), 4.74 (s, 1H, Ar), 2.28 
(s, 2H, CH2), 1.84 (s, 3H, ArMe), 1.82 (s, 3H, ArMe), 0.99 (s, 3H, CMe2), 0.98 (s, 3H, CMe2), 0.15 (s, 
9H, SiMe3). 
13C NMR for the cationic part (125.7 MHz, C6D5Br, 25 ºC) δ 239.2 (CO), 237.4 (CO) 
139.2 (Cp ipso-C), 131.5 (Ar m-C), 128.6 (Ar ipso-C), 125.4 (Ar m-C), 112.0 (Ar o-CH), 108.4 (Ar o-
CH), 106.2 (Ar p-CH), 104.9 (Cp CH), 99.7 (Cp CH), 99.3 (Cp CH), 50.5 (CH2), 39.3 (CMe2), 32.0 
(CMe2), 28.2 (CMe2), 21.4 (ArMe), 20.8 (ArMe), -0.9 (SiMe3). IR (ν, cm
-1), film from C6D5Br on KBr 
plates: 2033, 1989 (CO). 
[Ar-CMe2-η
5-C5H4]VCl(N
iPr2)(NC6H4-4-Me) (5b). Onto a mixture of 0.20 g (0.64 mmol) of V(NC6H4-
4-Me)(N
iPr2)Cl2 and 0.14 g (0.64 mmol) of [Ar-CMe2-C5H4]Li, 10 mL of THF was condensed at liquid 
nitrogen temperature. The mixture was warmed to room temperature and stirred overnight. The 
solvent was removed in vacuo and residual THF was removed by stirring the red residue with 5 mL 
pentane, which was subsequently pumped off. Extraction with 10 mL of pentane and cooling to -25 °C 
yielded 0.20 g of 5b as red crystals (0.40 mmol, 65%). 
1H NMR (400 MHz, C6D6, 25 °C) δ 7.19 (d, J = 
8.2, 2H, p-tolyl H), 6.97 (s, 2H, Ar o-H), 6.76 (d, J = 8.2, 2H, p-tolyl H), 6.65 (s, 1H, Ar p-H), 6.32 (s, 
1H, Cp), 5.91 (s, 1H, Cp), 5.79 (s, 1H, Cp), 5.51 (s, 1H Cp), 5.01 (sept, J = 6.3, 1H, 
iPr CH), 3.34 
(sept, J = 6.3, 1H, 
iPr CH), 2.10 (s, 6H, ArMe), 2.0 (s, 3H, CMe2), 1.98 (s, 3 H, CMe2), 1.79 (d, J = 6.3, 
3H, 
iPr Me), 1.73 (s, 3H, p-tolyl Me), 1.28 (d, J = 6.3, 3H, 
iPr Me), 1.04 (d, J = 6.3, 3H, 
iPr Me), 0.75 
(d, J = 6.3, 3H, 
iPr Me). 
13C NMR (100 MHz, C6D6, 25 °C) δ 151.7 (Cp ipso-C), 137.6 (Ar ipso-C), 
137.3 (Ar m-C), 135.9 (p-tolyl p-C), 129.2 (p-tolyl CH), 127.6 (Ar p-CH), 125.6 (p-tolyl CH), 124.3 (Ar 
o-CH), 113.7 (Cp CH), 108.0 (Cp CH), 106.3 (Cp CH), 100.9 (Cp CH), 65.4 (
iPr CH), 59.1 (
iPr CH), 
41.3 (CMe2), 31.1 (
iPr Me), 29.7 (CMe2), 29.6 (CMe2), 27.3 (
iPr Me), 21.6 (ArMe) 21.2 (p-tolyl Me), S-11 
19.3 (
iPr Me), 17.4 (
iPr Me), p-tolyl ipso-C not located. Anal. Calcd (%) for C29H40N2VCl: C, 69.24; H, 
8.01; N, 5.57. Found: C, 69.20; H, 8.06; N, 5.64.  
[Ar-CH2CMe2-η
5-C5H4]VCl(N
iPr2)(NC6H4-4-Me) (5c). Onto a mixture of 0.80 g (2.45 mmol) of 
V(NC6H4-4-Me)(N
iPr2)Cl2 and 0.85 g (2.45 mmol) of [Ar-CH2CMe2-C5H4]Li(TMEDA) (0.85 g, 2.45 
mmol) 50 mL of THF was condensed at liquid nitrogen temperature. The mixture was allowed to 
warm to room temperature and stirred overnight. The solvent was removed in vacuo, and to remove 
residual THF the resulting oil was stirred with pentane, which was subsequently pumped off. 
Extraction of the product into 30 mL of pentane, followed by removal of the solvent in vacuo afforded 
5c as a red oil that could not be induced to crystallize (1.01 g, 1.97 mmol, 80%). 
1H NMR (400 MHz, 
C6D6 25°C): δ 7.21 (d, J = 8.1 Hz, 2H, p-tolyl H), 6.76 (d, J = 8.1 Hz, 2H, p-tolyl H), 6.75 (s, 1H, Ar p-
H), 6.50 (s, 2H, Ar o-H), 6.07 (m, 1H, Cp), 5.82 (m, 1H, Cp), 5.72 (m, 1H, Cp), 5.55 (m, 1H, Cp), 5.04 
(sept, J = 6.4, 1H, 
iPr CH), 3.36 (sept, J = 6.4, 1H, 
iPr CH), 2.74 (s, 2H, CH2), 2.16 (s, 6H, ArMe), 2.01 
(s, 3H, p-tolyl Me), 1.79 (d, J = 6.4, 3H, 
iPr Me), 1.46 (s, 3H, CMe2), 1.33 (d, J = 6.4, 3H, 
iPr Me), 1.30 
(s, 3H, CMe2), 1.04 (d, J = 6.4, 3H, 
iPr Me), 0.78 (d, J = 6.4, 3H, 
iPr Me). 
13C NMR (100 MHz, C6D6, 
25 °C): δ 138.8 (Cp ipso-C), 137.6 (Ar ipso-C), 136.7 (Ar m-C), 135.8 (p-tolyl p-C), 129.2 (p-tolyl CH), 
129.1 (Ar o-CH), 127.9 (Ar p-CH), 125.6 (p-tolyl CH), 112.7 (Cp CH), 108.8 (Cp CH), 105.0 (Cp CH), 
101.2 (Cp CH), 65.4 (
iPr CH), 59.0 (
iPr CH), 52.4 (CH2), 37.5 (CMe2), 31.2 (
iPr Me), 27.7 (p-tolyl Me), 
27.4 (CMe2), 27.3 (CMe2), 21.4 (ArMe), 21.2 (
iPr Me), 19.4 (
iPr Me), 17.4 (
iPr Me), p-tolyl ipso-C not 
located. 
[Ar-CMe2-η
5-C5H4]VMe(N
iPr2)(NC6H4-4-Me) (6b). To a solution of 1.08 g (2.15 mmol) of 5b in 30 
mL of Et2O at -40 °C was added 1.36 mL (2.15 mmol) of MeLi (1.58 M in Et2O). The mixture was 
stirred at -40
 °C for 1.5 h and then slowly warmed up to -10 °C. The solvent was removed in vacuo at 
this temperature and the residue was stirred with 5 mL of cold pentane, which was subsequently 
pumped off. Extraction with 20 mL of cold (-10 °C) pentane, followed by cooling to -80 °C yielded 6b 
as red crystals (0.65 g, 1.35 mmol, 69%). 
1H NMR (400 MHz, C6D6, 25 °C) δ 7.19 (d, J = 8.1, 2H, p-
tolyl H), 6.96 (s, 2H, Ar o-H), 6.87 (d, J = 8.1, 2H, p-tolyl H), 6.65 (s, 1H, Ar p-H), 5.78 (m, 1H, Cp), 
5.69 (m, 1H, Cp), 5.64 (m, 1H, Cp), 5.56 (m, 1H, Cp), 4.48 (sept, J = 6.3, 1H, 
iPr CH), 3.29 (sept, J = 
6.3, 1H, 
iPr CH), 2.11 (s, 6H, ArMe), 2.08 (s, 3H, p-tolyl Me), 1.72 (d, J = 6.3, 3H, 
iPr Me), 1.67 (d, J = 
6.3, 3H, 
iPr Me), 1.64 (s, 3 H, CMe2), 1.61 (s, 3 H, CMe2), 0.84 (2 × d, J = 6.3, total 6H, 
iPr Me), 0.82 
(br s, 3H, VMe). 
13C NMR (100 MHz, C6D6, 25 °C) δ 151.4 (Cp ipso-C), 137.3 (Ar m-C), 133.5 (Ar 
ipso-C), 132.1 (p-tolyl p-C), 129.2 (p-tolyl CH), 127.6 (Ar p-CH), 125.8 (p-tolyl CH), 124.2 (Ar o-CH), 
111.7 (Cp CH), 106.2 (Cp CH), 105.3 (Cp CH), 103.9 (Cp CH), 62.7 (
iPr CH), 55.2 (
iPr CH), 39.3 
(CMe2), 32.5 (
iPr Me), 31.0 (CMe2) 30.8 (CMe2), 27.2 (
iPr Me), 21.6 (ArMe), 21.1 (p-tolyl Me), 20.8 
(
iPr Me), 19.0 (
iPr Me). VMe, Ar ipso-C and p-tolyl  ipso-C not observed. Anal. Calcd (%) for 
C30H43N2V: C, 74.66; H, 8.98; N, 5.80. Found: C, 74.6; H, 9.15; N, 5.65.  S-12 
[Ar-CH2CMe2-η
5-C5H4]VMe(N
iPr2)(NC6H4-4-Me) (6c). To a stirred solution of 1.02 g (1.97 mmol) of 
5c in 50 mL of Et2O at -50 °C was added  1.15 mL (1.97 mmol) of MeLi (1.6 M in Et2O). The mixture 
was slowly allowed to warm to -10 °C and stirring was continued at this temperature for 2 hours. The 
solvent was removed in vacuo at -10 °C and the residue was stirred with 5 mL of cold pentane, which 
was subsequently pumped off. Extraction with 20 mL of cold (-10 °C) pentane, followed by 
concentration of the solution and cooling to -80 °C yielded 6c as red-brown foam (0.75 g, 1.51 mmol, 
76 %). 
1H NMR (500 MHz, CD2Cl2, 25 °C): δ 6.98 (s, 4H, p-tolyl), 6.78 (s, 1H, Ar p-H), 6.39 (s, 2H, Ar 
o-H), 5.82 (m, 1H, Cp), 5.72 (m, 1H, Cp), 5.61 (m, 1H, Cp), 5.46 (m, 1H, Cp), 4.64 (sept, J = 6.5, 1H 
iPr CH), 3.47 (sept, J = 6.5, 1H, 
iPr CH), 2.59 (s, 2H, CH2), 2.30 (s, 3H, p-tolyl Me), 2.20 (s, 6H, 
ArMe), 1.59 (d, J = 6.5, 3H 
iPr Me), 1.57 (d, J = 6.5, 3H, 
iPr Me), 1.07 (s, 3 H, CMe2), 1.07 (d,  J = 6.5, 
3H, 
iPr Me), 1.04 (s, 3 H, CMe2), 0.92 (d, J = 6.5, 3H, 
iPr Me), 0.38 (s, 3H, V-Me). 
13C NMR (125.7 
MHz, CD2Cl2, 25 °C): δ 138.9 (Cp ipso-C), 136.9 (Ar m-C), 133.3 (Ar ipso-C), 131.6 (p-tolyl p-C), 
129.0 (p-tolyl CH), 128.9 (Ar o-CH), 127.5 (Ar p-CH), 125.6 (p-tolyl CH), 111.6 (Cp CH), 105.9 (Cp 
CH), 104.6 (Cp CH), 103.5 (Cp CH), 62.9 (
iPr CH), 55.2 (
iPr CH), 52.0 (CH2), 36.4 (CMe2), 32.5 (
iPr 
Me), 28.5 (CMe2), 28.1 (CMe2), 27.0 (
iPr Me), 21.3 (ArMe), 21.2 (p-tolyl Me), 20.9 (
iPr Me), 19.1 (
iPr 
Me), V-Me and p-tolyl ipso-C not located. Anal. Calcd.(%) for C31H45N2V: C, 74.8; H, 8.79; N, 5.82. 
Found: C, 74.1; H, 8.62; N, 5.73.  
{[η
1-Ar-CMe2-η
5-C5H4]V(N
iPr2)(NC6H4-4-Me)}[B(C6F5)4] (7b). To a solution of 29 mg (60 µmol) of 
6b in 1 mL of dichloromethane was added a solution of [Ph3C][B(C6F5)4] (55 mg, 60 µmol) in 1 mL 
dichloromethane. The resulting dark red solution was shaken for 5 minutes, after which cyclohexane 
(ca. 5 mL) was layered on top of the dichloromethane solution. After slow diffusion overnight at room 
temperature, crystalline material precipitated. The supernatant was decanted and the crystals were 
dried in vacuo to give 66 mg (57 µmol, 95%) of 7b. 
1H NMR (500 MHz, CD2Cl2, 0 ºC) δ 7.29 (d, J = 
7.8, 2H, p-tolyl), 7.21 (d, J = 7.8, 2H, p-tolyl), 7.07 (s, 1H, Ar p-H), 6.99 (s, 1H, Ar o-H), 6.02 (s, 1H, 
Cp), 5.97 (s, 1H, Cp), 5.95 (s, 1H, Cp), 5.70 (s, 1H, Cp), 5.22 (s, 1H, Ar o-H), 3.64 (sept, J = 6.34, 1H, 
iPr CH), 3.57 (sept, J = 6.3, 1H, 
iPr CH), 2.51 (s, 3H, ArMe), 2.45 (s, 3H, ArMe), 2.44 (s, 3H, p-tolyl 
Me), 1.93 (s, 3 H, CMe2), 1.86 (d, J = 6.3, 3H, 
iPr Me), 1.53 (s, 3 H, CMe2), 1.23 (d, J = 6.3, 3H, 
iPr 
Me), 0.97 (d, J = 6.3, 3H, 
iPr Me), 0.54 (d, J = 6.3, 3H, 
iPr Me). 
13C NMR for the cationic part (125.7 
MHz, CD2Cl2, -10 ºC) δ 157.5 (s, Ar m-C), 156.5 (s, Ar m-C), 148.4 (s, Ar ipso-C), 139.9 (s, p-tolyl p-
C), 131.2 (d, J = 161, Ar p-CH), 129.9 (d, J = 160, p-tolyl CH), 127.4 (s, Cp ipso-C), 125.7 (d, J = 162, 
p-tolyl CH), 119.0 (d, J = 161, Ar o-CH), 109.8 (d, J = 179, Cp CH), 109.2 (d, J = 180, Cp CH), 106.5 
(d, J = 175, Cp CH), 100.2 (d, J = 176, Cp CH), 93.8 (d, J = 146, Ar o-CH), 67.7 (d, J = 138, 
iPr CH), 
60.3 (d, J = 135, 
iPr CH), 38.0 (s, CMe2), 33.0 (q, J = 127, 
iPr Me), 27.3 (q, J = 128, CMe2), 26.4 (q, J 
= 127, 
iPr Me), 24.6 (q, J = 127, CMe2), 23.3 (q, J = 128, ArMe), 23.0 (q, J = 128, ArMe), 21.4 (q, J = 
127, p-tolyl Me), 20.6 (q, J = 128, 
iPr Me), 18.7 (q, J = 127, 
iPr Me). p-tolyl ipso-C not located. Anal. 
Calcd for C53H40N2VBF20: C, 55.52; H, 3.52; N, 2.44. Found: C, 54.10
*; H, 3.69; N, 2.25.  S-13 
* due to limited thermal stability of the compound, carbon values were found to be low for several 
attempts. 
NMR tube scale synthesis of {[η
1-Ar-CH2CMe2-η
5-C5H4]V(N
iPr2)(NC6H4-4-Me)}[B(C6F5)4] (7c). A 
solution of 9.1 mg (18.3 µmol) of 6c in 0.25 mL of CD2Cl2 was cooled to -30 ºC and to this was added 
a cold solution of an equimolar amount of [Ph3C][B(C6F5)4] in 0.25 mL CD2Cl2. After mixing the two 
solutions, the reaction mixture was transferred to an NMR tube (equipped with Teflon stopcock) and 
inserted in the cold probe of the NMR spectrometer (-25 ºC). NMR analysis indicated full conversion 
of the starting material and formation of Ph3CMe and the cationic species 7c in > 90% yield. 
1H NMR 
(500 MHz, CD2Cl2, 0 ºC) δ 7.40 (d, J = 7.9, 2H, p-tolyl H), 7.24 (d, J = 7.9, 2H, p-tolyl H), 7.04 (s, 1H, 
Ar o-H), 6.94 (s, 1H, Ar p-H), 6.48 (s, 1H, Cp), 6.11 (s, 1H, Cp), 6.04 (s, 1H, Cp), 5.55 (s, 1H, Ar o-H), 
5.15 (s, 1H, Cp), 4.43 (sept, J = 6.2, 1H, 
iPr CH), 3.66 (sept, J = 6.2, 1H, 
iPr CH), 3.16 (d, 
2J = 14.0, 
1H, CH2), 2.82 (d, 
2J = 14.0, 1H, CH2), 2.45 (s, 3H, p-tolyl Me), 2.31 (s, 3H, ArMe), 2.29 (s, 3H, 
ArMe), 1.83 (d, J = 6.2, 3H, 
iPr Me), 1.62 (s, 3H, CMe2), 1.49 (s, 3H, CMe2), 1.19 (d, J = 6.2, 3H, 
iPr 
Me), 1.09 (d, J = 6.2, 3H, 
iPr Me), 0.60 (d, J = 6.2, 3H, 
iPr Me). 
13C NMR for the cationic part (125.7 
MHz, CD2Cl2, 5 ºC) δ 159.4 (Ar m-C), 157.5 (Ar ipso-C), 150.1 (Ar m-C), 145.8 (Cp ipso-C), 140.4 (p-
tolyl p-C), 131.4 (Ar p-CH), 130.5 (Ar o-CH), 130.0 (p-tolyl CH), 126.5 (p-tolyl CH), 112.8 (Cp CH), 
109.1 (Cp CH), 101.7 (Cp CH), 100.9 (Cp CH), 98.4 (Ar o-CH), 68.5 (
iPr CH), 60.3 (
iPr CH), 49.8 
(CH2), 40.2 (CMe2), 33.1 (
iPr Me), 32.2 (CMe2), 27.4 (CMe2), 26.2 (
iPr Me), 23.9 (ArMe), 22.4 (ArMe), 
21.5 (p-tolyl Me), 21.4 (
iPr Me), 18.2 (
iPr Me). p-tolyl ipso-C not located.  
NMR data for the [B(C6F5)4] anion. 
13C NMR (125.7 MHz, C6D5Br, -25 ºC) δ 149.02 (d, JCF = 
242.9, o-CF), 138.92 (d, JCF = 237.4, p-CF), 137.02 (d, JCF = 239.9, m-CF), 124.30 (br, C6F5 ipso-C). 
19F NMR (470 MHz, C6D5Br, -25 ºC) δ -132.9 (o-F), -162.5 (p-F), -166.4 (m-F). 
 
 
 
 
 
 S-14 
Figure S1. Coalescence of 
1H NMR resonances due to arene exchange
a 
 
 
a 
1H NMR spectrum of 3f (generated in situ from 2f/[PhNMe2H][B(C6F5)4] in C6D5Br at -25 ºC), with the 
inset showing the coalescence of the ArMe resonances upon warming (-25 → 40 ºC). Resonances 
marked with an asterisk are for PhNMe2. S-15 
EXSY analysis for 7b/c. 
 
EXSY spectra were acquired on a Varian Inova 500 spectrometer operating at 500.618 MHz (
1H), 
with a sweep width of 8 kHz in phase-sensitive mode, using a modified NOESY pulse sequence 
(incorporating an additional z-gradient during mixing time τmix). In the indirectly detected dimension 
256 complex points were collected with 2 scans and 2048 points per increment. Zero-filling was 
applied to obtain 2048 × 2048 data points, and Gaussian line-broadening was applied in both 
dimensions prior to Fourier transformation. EXSY spectra were recorded with appropriate mixing 
times at each temperature: 10, 20, 30, 40, 50 ms at 8.3 °C; 30, 50, 100, 150, 200 ms at -1.7 °C; 50, 
100, 150, 200, 300 ms at -12.0 °C; 200, 400, 600, 800 ms at -22.0 °C for 7b; 25, 50, 75, 100 ms at     
-9.1 °C; 100, 200, 300, 400 ms at -19.6 °C; 300, 500, 700, 900 ms at -30.1 °C; 400, 600, 800, 1000 
ms at -40.7 °C for 7c. Integration of diagonal- and cross-peak volumes of the exchanging Ar o-CH 
resonances was performed using the Gaussian fit integration method implemented in Sparky.
3 
Sample temperatures were determined (after equilibration for at least 10 minutes) using a Pt-100 
resistance that was inserted at the sample position in the probe.  
Using Mathematica 5.0,
4 cross-peak volumes of all spectra were normalized (Ix/Id) and plotted 
against mixing time. The data points were all at once fitted against equation (1)
5 by non-linear 
regression (black lines, figure 1).  
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The error in determining the activation parameters from the EXSY data is related to the error in the 
normalized peak volumes (0 ≤ Ix/Id ≤ 1 ) introduced in the integration routine. An estimate of the errors 
in the activation parameters was obtained by generating peak volumes (Ix/Id + R), in which R was 
randomly chosen from a normal distribution with mean µ = 0 and standard deviation σ = 0.02 
(corresponding to ca. 5% of the average Ix/Id). Non-linear regression (equation (1)) was performed on 
the simulated peak data (Ix/Id + R), and the procedure independently repeated 1000 times. This gave 
1000 simulated values for the activation parameters, for which the mean and standard deviation are 
reported in the text as ∆H
‡ = µ(∆H
‡
sim) ± σ(∆H
‡
sim) and ∆S
‡ = µ(∆S
‡
sim) ± σ(∆S
‡
sim).  
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Plot of experimental Ix/Id values at different temperatures, and fitted curve (black line) (7b, top; 7c, 
bottom) 
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Figure S2. Representation of frontier molecular orbitals of Ti(b)
+ (top) and Ti(c)
+ (bottom) 
 
 
    HOMO (-8.92)         LUMO (-6.19)         LUMO+1 (-5.86) 
 
    HOMO (-8.92)         LUMO (-6.21)         LUMO+1 (-5.95) S-18 
Scheme S1. Molecular orbital interaction scheme for bonding of two σ-donor ligands (Me
-) to [ansa-
Cp-arene]Ti
3+ (symmetry labels as for C2v symmetric bent metallocenes). 
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Scheme S2. Construction of arene and CpTiX2
+ fragments for the charge decomposition analysis. 
 
Ti
Z
X
X
R
R
R
R
HH
Ti
X
X
Arene
CpTiX2
+ 
(donor)
(acceptor)
Z = CMe2; R = Me (b); Z = CH2CMe2; R = Me (c)
H
X
X Ti
Me
Me
Me
geometry
optimisation
X = Me (III")
X = CO (IV")
X = Me (3b'/c')
X = CO (4b'/c')
X = Me (IIIb/c)
X = CO (IVabc)
 S-19 
Table S1. Calculated Ti-C(carbonyl) and C-O bond lengths (Ǻ), and average CO stretching 
frequencies (cm
-1) 
 
 
  Ti-C(carbonyl)  Ti-C(carbonyl)av C-O C-Oav  ν(CO)av,calc 
4a
  2.087 2.087 1.137 1.137  2047
4b  2.073 / 2.072  2.0725 1.139 1.139  2032
4c  2.076 / 2.084  2.080 1.137 / 1.138 1.1375  2036
4d  2.068 / 2.064  2.066 1.141 / 1.140 1.1405  2021
Cp2Ti(CO)2  2.039 2.039 1.150 1.150  1964
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Table S2a.  Orbital contributions to arene→Ti donation for [Cp-arene]TiMe2
+ 
 
Table S2b.  Orbital contributions to arene→Ti donation for [Cp-arene]Ti
+ 
 
 
 
 
 
 
  
 
 
Table S2c.  Orbital contributions to arene→Ti donation for [Cp-arene]Ti(CO)2
+ 
 
 
 
    
 
 
 
 
 
 
C1 (IIIb) C2 (IIIc) 
       
no. 57  56  57  56 
d  0.142 0.062  0.168  0.116 
Eb   -0.5  0.01  7.9  3.0 
C1 (Ti(b)
+) C2 (Ti(c)
+) 
 
no. 49  48  49  48 
d  0.145 0.092  0.138  0.146 
Eb   5.5  3.1  9.3  9.3 
C1 (IVb) C2 (IVc)  
   
no. 63    62  63  62 
d  0.191 0.141  0.195  0.194 
Eb   4.1  3.0  9.9    10.1 S-21 
Table S3a.  Orbital contribution to arene←Ti backdonation for [Cp-arene]Ti
+  
 
 
 
 
 
 
 
 
     
 
 
 
Table S3b.  Orbital contribution to arene←Ti backdonation for [Cp-arene]Ti(CO)2
+ 
C1 (Ti(b)
+) C2 (Ti(c)
+) 
 
 
no. 52  52 
b  0.161 0.216 
Eb   7.9  17.5 
C1 (IVb) C2 (IVc) 
 
 
no. 66  66 
b  0.119 0.122 
Eb   3.7  8.35 S-22 
Table S4a.  Orbital contribution to CO→Ti donation for [Cp-arene]Ti(CO)2
+ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table S4b.  Orbital contribution to CO←Ti backdonation donation for [Cp-arene]Ti(CO)2
+ 
 
C1 (IVb) C2 (IVc) 
   
no. 54  54 
d  0.180 0.164 
Eb   12.9  11.5 
C1 (IVb) C2 (IVc) 
 
 
no. 66  66 
b  0.216 0.242 
Eb   11.1  11.8 S-23 
Cartesian coordinates of DFT optimized structures 
 
3b’ 
 
  C       -2.12472        1.95792       -0.70787 
  C       -2.05385        0.61448       -1.13878 
  C       -1.99775       -0.23072        0.00483 
  C       -2.04288        0.61989        1.14528 
  C       -2.11838        1.96119        0.70909 
 Ti       -0.03184        1.06468       -0.00736 
  C        0.66232        2.23205       -1.58996 
  C       -1.51499       -1.68702        0.00603 
  C       -1.99208       -2.45862       -1.23582 
  C        0.01529       -1.43287        0.00615 
  C        0.69800       -1.15394        1.20661 
  C        2.03100       -0.70108        1.22621 
  C        2.67979       -0.47712        0.00574 
  C        2.03675       -0.71604       -1.21350 
  C        0.70235       -1.16849       -1.19396 
  C        2.75618       -0.51854       -2.51763 
  C        2.74816       -0.48181        2.52805 
  C        0.67954        2.25904        1.54705 
  C       -1.99276       -2.45719        1.24858 
  H        1.75583        2.22077       -1.49879 
  H       -3.07527       -2.58486       -1.19370 
  H       -1.76785       -1.96408       -2.18081 
  H       -1.53938       -3.45225       -1.26421 
  H       -3.07603       -2.58287        1.20619 
  H       -1.54068       -3.45112        1.27795 
  H       -1.76847       -1.96210        2.19334 
  H       -1.98962        0.31076        2.17871 
  H       -2.19211        2.82465       -1.34770 
  H       -2.00969        0.30064       -2.17117 
  H       -2.18103        2.83060        1.34561 
  H        0.21108       -1.33678       -2.14351 
  H        3.30032       -1.43196       -2.78026 
  H        2.06818       -0.30300       -3.33602 
  H        3.48842        0.28834       -2.46033 
  H        3.70083       -0.10845        0.00602 
  H        0.20304       -1.31136        2.15591 
  H        3.39737       -1.33736        2.74122 
  H        3.38481        0.40445        2.49546 
  H        2.05709       -0.37894        3.36511 
  H        1.76981        2.26541        1.42025 
  H        0.32085        3.28573        1.43781 
  H        0.44136        1.91886        2.55790 
  H        0.38570        1.90066       -2.59379 
  H        0.32404        3.26443       -1.46583 S-24 
3c’ 
 
  C       -1.79478        1.13321        1.21590 
  C       -1.93207        0.46874       -0.02866 
  C       -1.45608        1.36961       -1.02779 
  C       -1.04237        2.56760       -0.40415 
  C       -1.23925        2.41534        0.98625 
 Ti        0.40579        0.83612        0.34294 
  C        0.79183       -0.71000       -1.68659 
  C        2.13802       -0.40972       -1.41777 
  C        2.67605       -0.83376       -0.19161 
  C        1.92742       -1.58274        0.72313 
  C        0.58223       -1.86763        0.41370 
  C       -0.00234       -1.45942       -0.79287 
  C        2.99565        0.29139       -2.43308 
  C        2.54822       -2.11477        1.98289 
  C       -1.45071       -1.74823       -1.12748 
  C       -2.48749       -0.92711       -0.28394 
  C       -3.79334       -0.80828       -1.10104 
  C        1.77570        2.38438       -0.06800 
  C       -2.81726       -1.64311        1.03853 
  C        0.85839        0.78603        2.40280 
  H        2.75978        2.01005        0.23350 
  H        1.55115        3.26993        0.52930 
  H        1.81979        2.68307       -1.11901 
  H        3.56076       -0.45096       -3.00603 
  H        2.40186        0.86871       -3.14257 
  H        3.71951        0.95827       -1.96287 
  H        3.70760       -0.59135        0.04273 
  H        2.82800       -3.16343        1.83786 
  H        1.85667       -2.07791        2.82595 
  H        3.45272       -1.56994        2.25487 
  H        0.00129       -2.45187        1.11715 
  H        0.36623       -0.40031       -2.63420 
  H       -1.60239       -1.53343       -2.18780 
  H       -3.59628       -1.10803        1.58608 
  H       -3.19563       -2.64818        0.83981 
  H       -1.95810       -1.73696        1.70619 
  H       -1.43488        1.18619       -2.09236 
  H       -0.65013        3.44094       -0.90162 
  H       -1.00305        3.14782        1.74373 
  H       -2.04772        0.73077        2.18453 
  H       -3.63421       -0.28750       -2.04797 
  H       -4.19591       -1.79981       -1.32542 
  H       -4.55280       -0.25868       -0.54105 
  H       -1.65325       -2.81586       -1.00433 
  H        1.94003        0.63442        2.47813 
  H        0.61109        1.72369        2.90121 
  H        0.35348       -0.02342        2.93828 S-25 
4b’ 
 
  C       -0.42456       -1.45301       -1.22124 
  C       -1.12926       -1.23982       -0.00068 
  C       -0.42456       -1.45364        1.21975 
  C        0.95695       -1.67271        1.23429 
  C        1.65659       -1.63364       -0.00080 
  C        0.95703       -1.67158       -1.23600 
 Ti        0.39132        0.46815       -0.00029 
  C       -0.44665        2.63154        0.70500 
  C       -1.28579        1.57686        1.15178 
  C       -1.83560        0.92463        0.00008 
  C       -1.28645        1.57735       -1.15163 
  C       -0.44721        2.63183       -0.70497 
  C       -2.47319       -0.47401       -0.00027 
  C       -3.33493       -0.73487       -1.24373 
  C        1.68728       -1.95783        2.51672 
  C        1.68742       -1.95557       -2.51863 
  C       -3.33471       -0.73534        1.24322 
  C        1.74230        1.09323        1.46224 
  O        2.46859        1.41802        2.27474 
  C        1.74509        1.09529       -1.45947 
  O        2.47356        1.42128       -2.26951 
  H        1.75699       -3.03951       -2.65599 
  H        1.16951       -1.54479       -3.38586 
  H        2.70705       -1.56799       -2.50489 
  H       -0.95115       -1.41362       -2.16482 
  H       -4.23447       -0.11816       -1.20226 
  H       -3.64791       -1.78104       -1.27733 
  H       -2.83699       -0.50544       -2.18592 
  H       -1.50816        1.36014       -2.18515 
  H        0.07469        3.33678       -1.33618 
  H        0.07542        3.33668        1.33589 
  H       -1.50710        1.35933        2.18531 
  H       -4.23392       -0.11812        1.20236 
  H       -3.64831       -1.78131        1.27618 
  H       -2.83637       -0.50692        2.18544 
  H        2.73457       -1.74710       -0.00074 
  H        1.75319       -3.04186        2.65505 
  H        2.70815       -1.57354        2.50196 
  H        1.17114       -1.54482        3.38397 
  H       -0.95102       -1.41463        2.16342 
 
 
 
 S-26 
4c’ 
 
  C       -1.40256        1.28699        1.28226 
  C       -1.88764        0.78361        0.04560 
  C       -1.32020        1.59394       -0.98638 
  C       -0.51396        2.58712       -0.39650 
  C       -0.53576        2.39097        1.00878 
 Ti        0.43938        0.43847        0.12847 
  C        0.30301       -1.02371       -1.83124 
  C        1.67818       -0.90582       -1.60494 
  C        2.17353       -1.27579       -0.31940 
  C        1.35004       -1.90802        0.63512 
  C       -0.03420       -1.94112        0.40097 
  C       -0.58401       -1.46837       -0.82105 
  C        2.62321       -0.51032       -2.70612 
  C        1.94317       -2.53461        1.86577 
  C       -2.08219       -1.45315       -1.05846 
  C       -2.83144       -0.39663       -0.17693 
  C       -4.09224        0.08385       -0.92653 
  C        2.02367        1.64844       -0.44008 
  C       -3.27903       -1.00810        1.16305 
  C        1.19707        0.51714        2.05557 
  H        2.99328       -1.41386       -3.20151 
  H        2.13422        0.10476       -3.46225 
  H        3.49344        0.02927       -2.33068 
  H        3.23550       -1.18481       -0.12102 
  H        2.20025       -3.57490        1.64105 
  H        1.24374       -2.54255        2.70221 
  H        2.86036       -2.03564        2.18048 
  H       -0.68297       -2.38292        1.14576 
  H       -0.09893       -0.73460       -2.79570 
  H       -2.25666       -1.23221       -2.11429 
  H       -3.84454       -0.28285        1.75244 
  H       -3.93538       -1.86264        0.98480 
  H       -2.44691       -1.35287        1.78009 
  H       -1.49594        1.48932       -2.04745 
  H        0.00899        3.37190       -0.92353 
  H       -0.05559        3.02226        1.74212 
  H       -1.67641        0.93682        2.26552 
  H       -3.84830        0.54709       -1.88544 
  H       -4.76160       -0.75743       -1.12438 
  H       -4.64436        0.81533       -0.33247 
  H       -2.50153       -2.44858       -0.88482 
  O        2.90609        2.30520       -0.73673 
  O        1.59904        0.57532        3.11997 
 S-27 
7b’ 
 
  C        1.21119        1.60918        1.79086 
  C        0.92331        2.08702        0.47829 
  C       -0.47681        2.32316        0.41060 
  C       -1.04853        1.95758        1.65495 
  C        0.00384        1.52276        2.51038 
  V       -0.23000        0.04788        0.74081 
  C        1.06754       -0.21556       -1.26375 
  C        1.21501       -1.61250       -1.46249 
  C        2.45751       -2.18599       -1.21603 
  C        3.56093       -1.41063       -0.84088 
  C        3.40381       -0.02573       -0.67730 
  C        2.18010        0.59485       -0.89685 
  C        1.93667        2.09902       -0.66017 
  C        3.20336        2.86363       -0.23160 
  N       -1.72061       -0.31407        0.12705 
  C       -3.02934       -0.21296       -0.28866 
  C       -3.33508        0.17472       -1.60793 
  C       -4.65910        0.25476       -2.01836 
  C       -5.69157       -0.04580       -1.12890 
  C       -5.39553       -0.43023        0.17951 
  C       -4.07630       -0.51802        0.60365 
  N        0.15881       -1.44132        1.76030 
  C       -0.71020       -2.61305        1.89654 
  C        1.34177       -1.60810        2.60449 
  C        1.38072        2.77447       -1.92977 
  H        1.05868       -1.67036        3.66248 
  C        0.08806       -2.44032       -2.01850 
  C        4.90410       -2.05953       -0.63929 
  H       -1.03294       -2.72790        2.93867 
  H       -1.58325       -2.52395        1.25948 
  H        1.85012       -2.54386        2.34523 
  H        0.18759        0.26061       -1.68877 
  H        2.58549       -3.25539       -1.35773 
  H        4.26795        0.56194       -0.39354 
  H        2.12320        2.73642       -2.72920 
  H        1.15440        3.82477       -1.73261 
  H        0.47176        2.30297       -2.30646 
  H        3.65925        2.46239        0.67477 
  H        3.95463        2.84931       -1.02442 
  H        2.95218        3.90739       -0.03437 
  H       -1.02875        2.67706       -0.44723 
  H        2.18905        1.34226        2.16048 
  H       -0.11166        1.18640        3.53064 
  H       -2.09452        2.02457        1.91527 
  H       -0.15810       -3.52074        1.62558 
  H        2.05126       -0.79744        2.47224 
  H       -3.83790       -0.81778        1.61785 
  H       -4.88836        0.55345       -3.03538 
  H       -2.53006        0.40503       -2.29693 
  H       -6.19739       -0.66370        0.87133 
  H       -6.72359        0.01845       -1.45480 
  H        0.09723       -3.45434       -1.61378 
  H       -0.88671       -1.99855       -1.81554 
  H        0.19499       -2.52918       -3.10485 
  H        5.65135       -1.35222       -0.27830 
  H        4.84255       -2.88444        0.07596 
  H        5.27143       -2.48320       -1.57896 
 S-28 
Full citation of Gaussian03. 
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